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Abstract

The problem of effective communication In the proce-s
of building design and construction Is widely recognized.
The Involvement of several design disciplines combined with
the te-ndency--fcr desI-mners to work -in 1-s--tlnct-off Ices,-
results In little capacity for the:n to investi9,ate the.
influence of their desirn decisions on other design areas•-.

One of the responses to the nee-d for effective-
_ iatPractofn_lhn the _su -f ¢oaruters for a design project Is

.....- "the es-te concept -Proposel for -CES, thel-A~4nteg-r& --

Civil Engineering System. The supersystem Is defined as the--

-- coperative-effort _n-thLe at_ fAht ---f 'o_ va I
Prob-lem oriented computer capabiltest-!lemp?0 ore.Ct
oriented capabilities by allowing each of their problem
oriented subsystems to reference a sInq1e file of project
data. The supersystetm would allow design interaction by
having each of the problem oriented computer subsystems
reference a single file of information specifying the
project.

Future work In o applIcatIon of corlouters to -
interactive and project oriented deslcn in the buildingr
industry will have to cor,,.entrate on the file structu,'e to
be used In the Impll.mentation of a computer builltinj Jesign
supersystem.
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The process of building desig-n ani cc~nstruction

involves much hand11ing an-I tnianipulation nf data. What

starts out as the single desire of a client for a butll-ing

deave I ol into a full set of working Ira~fngs aml specift I

cations by the end of the designi ohase of the nrocess and

----- u-4-tmat--ly 4fI-nishps -as an ex~sltin bui-I lng.. W-hen on-e __

~jtaines the data flow in the buildinng arocass In 1 i-ht of

the data manipulating an~d stora.ge caoabilities of the moderh,

electronic digital computer, one expects at first to find a

broad utilization of the computer throughout the. building

Industry. Yet when one examines the degree to which

computers are actually used In the buildin3 process, the

findings are generally very disappointing. Few of the

design disciplines involved with the buililng process make

any significant use of the computer and even In these few

instances;, the applications are In corn:,letely isolated

areas. While many design areas Involv,ýd In building design

have been considered for computer Iiiplemnentation, most

efforts have been at the proposal sta,-e only. Thp two major

exceptions have been the areas of structural analysis and

consti-uction project scheJullng for which large sca e

systems have been Implenented.

The reasons for the Pattern of usage that one finds

reflect problems both of economics and degree of difficulty.

As would be expected, engineers have attacked those problems



first that seemed most promising of solution. Since both

structural analysis and construction scheduling arp quite

t ra ghtfbrwari. in an anafl'trTca1 se-nse aiW. requi-re nlu-&h dta

processing, they Wer~e co'mouterfzed first. Mo0re signi-ficamt,

--howeverA-, s--the- fact -that -th-wac --two- -areas- &re_.Ahe__eA.CIIUSIY

domaIns of two distinct segme~nts of the buildinZ process,

'the-st-ructural erv~ineers and the contraýCors, Each Invested

In the software which It felt would make~ Its operations niort.

efficient. Neither was particularly motivated to spend

mWney to make the job of someone else more efficient.

The reasons for this pattern of usage can also be

found In the approach taken by designers of computer systems

to the whole question of Information. The techniques for

Information handling developed for the analytic problem-

solving systems have In the Past almost never considered

information requirements beyond the scope of the system

being implemented. There has been little motivation to

consIder the Information requirements of other systems

because, first, there were few enough of these systems

Implemented on the computer to beg'in with, and seconfly,

there had simply been no co-ordination which woula result In

the Information being used even If It were made available.

Furthermore, Information has generally been structured so as

to optimize Processing In view of the algorithms usedv by the

subsystem structuring~ It.

Information has always been considered as a static



____lijertion of data values which were Irvnut at thn ber"1nnin7_

of a com~puter run and completely purged from~ the co-puter at

the end of the run. There has been almnost no attemot to

view InformatIon f ro!i tile !,rOint of v!ir-v of- t~v project, as. a

-ighly structured comple~x W.Ich starts as a single_- Tlea anf

whC1 e fd s -afto _i'et eas anf -e-r__eI~y-vpe~x --- -

-w-1o ~wn~s -and-spec If icat i-ons, I n those- f-ew Inst~pr~qe

where data has been o r gan Iz-ed b y -aco",p u tar -s yst-em -or

secondary storage, It has been done in such a way as to be

of use only to the system. which so organized it.

Buildine data managem~ent, then, Is an attemit to

solve the very complex problems of automating the flowz of

information between various problem orie-nted comiouter

capabilities used In the design and construction of

buildings, Computer capabilities both existing and proposed.

3uiidlng data 'ianagernent Is the concept of data transfer

applied to the realm of hullding systems. Inata transfer

attempts to make It possible for Independently conceived and

Independently executed computer systems to cuirmnunicate their

results with-each other.

The concept of data transfer Is not a new one. The

designers of ICES, an acronym for the INTEGRATED) CIVIL

ENGINEERIN4G SYSTEM (1), have attacked the proble- ic t~t-

trnnsfer fromi thp very herinning of their effort. The ICES

I0
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system was visualized as a computer oriented system useed by

a collection of problem oriented subsystems (2). The

analogy was made to a wheel in which the system conprlsed

the axle, the various subsystems the spokes, ahd lata

-transfer was to have been a kind of rim uniting all of thei

suVs i C7QMrui n-zat-tons--c apab 1 11t~es I(see -F Igure- I -I

-........ owever, If one examines AS= &stm D fljj (3), the

guillng-ohllosophy for the ICES system, one discovers that

there are two areas of the system that were. not generally

Implemented. They are the relational etata structure 5

capabilities (1) and data transfer. For several years much

work was put Into the Implementation of bath of these areas.

While some results were obtained in the former area (5), no

real working system of any capability resulted in the

latter.

Ii the first efforts to Implement data transfer, the

ICES researchers attacked the general problem of information

flow within the computer. The work was motivatel by their

strong feeling that subsystem designers should be given full

Sfreedom for zleszn of in-core data structures most suited to

the Problem and algorithms with which they were working.

Yet, when these Independent systems attempted to each solve

a different aspect of the same project, the need arose for

them to communicate results with each other. The early wock

resulted In a proposal for a Oata J-efinitlon Langua!'e (6),

but most felt that an appropriate solution to the problemi
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wssllyet tobe fon.In the interim, of coure, dnta

transfer was actually aco-ntdished by having the engineer

using the various subsystems on a Project manually' transfer

informaton fromi th _p intout of one set of results to the

problei9 laniguage input of the second subsystem (See ;Ikure

*In 1968, #on- (7) performed a study of the efforts In

*data -tran-sfer-1in -the context of the ICES system. 4-fi major

conicluston was that while the atteniot to solve the pro~de'n

of general data sharing between computer system1s haA borne

little fruit, there was some rooson to 13e honpfia? tt a Z

less generall approach to the prob1'-nml mi1ht give better

results. 4.e distinguishel between the concepts of thow

system and the subsystem an-i introluced the cone'-nt of a

Eupersystell. The syte Is comprised of those cinabilitl'%%,

generally oriente-d toward strictly cafnouter tasks, thit are

used by all of the subsyste,ns. 5ubsstem are co~nrise-1 ole

caoabiltlIItIes or Iented towiArl s~,eo spticlf Ic tngilnier I ni

probleli area. The supersvstem is 1.:fined as a -roun of

loosel~y organizedI subsystems, each orI--!tt:J' tow-ir-I 3

specific pro~lelu area, but jointly working t,)-iarl th,ý moal

of a project imple.-'ntation, orincloally by sharin.- a co-m~on

data base storied Permanently on a secondary stor-uge device.

It Is the matter of the orientation, oroblem versus project,

that distinguishes a subsystem from a supersystem. Thus,

while STRUDI, thos structLurAl design languago, Is capable of
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analyzins and selecting memhers for the structural frame for

a building, It Is not capable of taking the entire hulldin.g

-- project or even the structural1 part frrm Inception -to-

-- completion. The building design comptises many prablem
i_-.,•!•-:... -. Jris:,reach of--wh:ch m-gljht -requi-re-a. tubSy~stemL-Of the hliz.b

* - _ and coaalex1ty of STRUDL.

The Im0ilenentatIor, of- data tans-fer Is Iepoortanrt not

only for the concept of a supersystem but for the way that

engineering Is practiced. Engineers, while In school, stilve

problems. Each problemi is a close look at some small,

specific engineering task. When the problem Is solved# the

answer Is graded and tic. more Is done with it. FnIneers, as

practicing professlorals, work on projects. They, too,

solve problems. In distinction to the wnrk of scmdents,

however, the answers to their problems are Integrated Into

the larger project effort. These answers are considered In

their ramifications with other "answers" for other oroble•.

areas of the project and must be considered as part of all

the project data.

Computer efforts in engineering to date h.ave been

aimed at giving nrohlem soivlnp capabilities. AnI just as

looking at an engineerin, projeict as a series of prohlems

fragments the concept of a project effort, so have these

computer capabilities tended to fragmqent the work that can

be done for a project with a computqr. This can be observed

In the tendency of engineers to require that a problem be of
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suf f i c fent--s I co6m--p--oI lo exl ty--n-order- to-Justtfv-sot-V+i---i-t-

with a computer. The fragmentat!on h3s put an artificial

-bar-ri-er between the engineer -and- hi-s -rob• sovsly n toOi.

Now In order to overcome the tendency toward-_

-fragmentat-fon, in order to develop Project orien-ted- cdomi'uter

capbillties or supersystems- the whole apoi---5f.. .

engineering computer dv1 n ~ e xmndd<

Engineering computer technolo-ists can re-orient their

efforts, and work toward the development of project oriented

subsystems - unique, all-encompassing computer Systems.

These would be large scale efforts and mtight well result,

for example, In a STRUDL.-like subsysten for bridge design,

another STRUtL-like subsystenm for buil-ling design, a third

for tranmission tower system design, and so forth. The

difficulty with this approach is the duplication of effort

that Is required to develop unique subsystems for each

project area. The development of the STRUniL subsystem as a

problem oriented capability extended over five years. The

duplication of that effort several ti,nes for different

project areas is worthy of little consideration.

Another approach to implementing nroject oriented

capabilities Is specifically that of the supersystem. Each

project area would have not a unique computer capablity but

F1 •rather a unique project data structure. Thus computer

i ~ •subsystem developers would continue their current

%.orientation of developinq problem solvfnr, capbOilir •is. gut
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eachof 0these--r-le 1 n.capabilittes would hsve v c
additional, satellite features that would allow for te0 - R" .

"Impl-ementa-t on-of data traens-fe•e• between -the subsystem-an4 oa---. --

soeclf-tc -r-ojpct data file. The existIng -sub s-stnm -wou-d-be ----

Integ.yated Wlth a new supersyste-n by the Inilementclon of 7

the satellite data transfer capabilities for the new nro1ect
*V

-6 fi1e (- 5.. Fguri 43)..
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In the United States, thO estimate for the total X

va!,ie of construction during the year 1970 Is set at $90

bil'Ion (8). Table i-1 gives a breakdown by project type of

the estimated value of building construction during the same

year bit excluding one an.1 two family dwellings. The sameI estimate predicts a greater than 100 percent increase In

construction value -luringi _th.4 A-eieeel 1970-1980 to a vaelue of

$193 billion. The estimate of the gross national oroluct of

the United States for the years 1970 and 1980 given by the

estimate are $900 billion and $1,C10 billion resoectively.

Furthermore, In the United States the Industry Is connose:l

of:

more than 900,OaC contractors 3n-i 1,510,1O.0
subcontractors ?mploying over 3,000,000. They are
supplied by a myriad of other industries emfloying
large numbers, such as the 24.O,000 employees of
sawmills and planning mills, the 6(),000 in millwork
.and related products, and the 260,000 who manufacture

eqjipment. To handle financial, insurance, and real
estate Jealings requires another 1,100,000 oeople of
whom more than 6u0,000 are In real estate alone. The



forecast-of Construzction Contracts 1970

- Mfi1t~jif Of ThTrs

-.... T~taJ Constr~uction *.................$2,5

onReievyCnstial ion..... .......... .. ...... a..26#10087

Govmernieal .e..i.es....... .......... ...... ,0

- R~Edcrational, .. el...ous,................,0

Reideical ...................* *. ...................9,2.70

- . . ~~~~Apartments .... *..*. .*.....*.....**.** ..... ,0

Hotels and Motels... ..................................... 750

I * Excludes one and two families dwellings.
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difse, ana conit of a ldo~agonrt~ '
-MO-Stly _ Smal~l 'un Its. h nubrf sshn
construction f Irms wi th an -Aouual' Vol ume gre;Nt ,*-,r,--thar
$50.0 MtIllIIon can be countedi on -the f Inrgers -of Oin
hand.. F ew rnat'erlaIis and e-qu Iprnnt pro Ju-cars ?r kq,;Z
arwiong thei nattoin's 500.larigest Industrial irs.(0

The techn caia a reas -requ red in th d-tl'jg and

can consider the professional ani econaomic interests of, the.

buildin- Industry as falling Into one of four general

catesories. managemenet, design, construction, and final~ly-

operation and maintenance.

The realm of management Includes, first of all, the

client or owner. The client Is the prima~ mo~niof the

entire Industry. It Is he who dictates the kind and quality

of building 'depending on his needs and financial backin.a.

Owners range In sire fromn the Privat+%, single hotnp builder

( through developers of capital Invest'ient motivated

skyscrapers In large metrope.,lItAn centers and ths! Fe-leral

government with all of Its resources.

Incluiel In the realm of economics, however, are many

other profressions concerned with huildln!v. These include

planning boards for urban aroas, financiers (Including

banks, Insurance companies, pension and wnlfare funds, an-i

government mortgage financing agents), real estnt,?

developers, zoning comm'issions, accountants, an-I The like.

The second realm of the ''tIi!1In, In-lustry Is that of
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'~zi.Tra4! t I o-a1 Il Y the 'manA o"nt of Jos I !n h.'Is been In -

j the hands of an architect who acts as the client's s~ent forJ ~both design ani construction. 'gut Wue to the wliely

dlversent and hLigly technical nature of many aviincts of

-tut--ding deslirn, the architect (#exudiln one ani two

professional consult,3nts In tlitc. anginn-rivix are~as. Thesp

generally include Vie structural en-rlneer, the fourliatlon

en,,ineer, the mechanical engineer, the elactical mngInaer,

an] specialists In the areas of cost estimating, int~rior

design, acoustIcs, Illumilnation, and landscaping.

The third realm of the Industry Is that of

construction. The corstructlon phaso of the building

project has traditlonally been rnanar~ed by the architect, hut

* the prime agent here is the general contract'ir. The teneral

contractor, like the architect In the design reval~n, uses

specialized sub-contractors to perfor'rr the highly technical

phases of the construction. These sub-contrac*tors Inciu'1o

p'urnbers, heating and air condition!n,- specialists,

electrical contractors, plasterers, stone masons,

carpenters, roofers, structural steel erectors, and

foundation contractors, among others.

The final realm Is that of operation and maintenance.

Includel here are the operations engini..ars required to keep

large mechanical and electrical systems for buillings
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• :•--f unc-t Ion-ing-properlyI y-c lean lng-c ewTseart -•• -'ne) ...........

and the construction trades required for repairs and

.no-If!cat1ons.
Fv4

It should be clear that this diversity of: econooitc-

Interests and Intellectual disciplines Involved In the

building Industry lea.1 to a fragmentation that exists on

three evel -. -There Is af-raq-f t_!ttT-6 fnn17Thi .

nature of building design alone Is such that one can never

expect to see a single person being able to do the entire

design. There Is a fragmentatlon of location. For the most

part as the profession is currently carried on, the

a•rticipants In the design and construction stat.es each have

separate offices, sometimes even to the extent of being

located in different cities. And finally, there Is a

fragmentation of goals. What may well be the best

structural desinn can leal to a definitely sub-optimal

mechanical design, and vice versa. What apoears best In

terms of initial cost may be very poor when consilered In

terms of long term costs.

The major consequpnces of this fragmentation are

three. By far the most Iiinortant ani at present the most

widely recognized consequence Is the communication problem.

Communication is a basic aspect of the desiwnn and

construction of buildings, whether all of the desig.n

participants work In a single office or not. The ran',e of

design disciplines dictates that professional !nteraction



•- .• take place. The bulldinx process typically starts as the •

•;•-• ~desire of a client for a building and! Is developel through

•-• • ~Interviews between the clilent and the designer, througrh the- "

' •-•-• ;•various desig;n stages, to a fully develop)ed set of contract

• •-_•* drawln&s and specifications. A second conso.quence of

• -•-• _--- -r-'- _ nra ;-- -that foll-ows ats.o- f rom- the"

•-.•,•i communication problem Is that of suh-opti:mization of dqsig:n,

4=%*!o A less than perfect to.rnunication between the orlnclial

,.• •designers makes It Impossible to estimate how their desi-n

P• decisions affect each other and! consequently how such

•! ! decisions affect overall cost for the client. The prohlem

=• of optimization In building deslisn Is as much a matter of

i ~communication as It Is of mathematics. And finally, a last

i ~consequence of fragmentation Is duplication of W•ort. As

Si ~ currently practiced, the duplicate review of drawings andt

S~~~specifications for cost estlnating by archite.cts anAJb-!,

, ~by contractors Is typical of this d•uplication of -effort.

• ' Consider the kinds of: incid]ents that occur In the

current state of building desig•n. The structural an-1

mechanical engineers, having; arrived at initial, compatible

configurations for the. structural frame! an.1 duct system,

return each to his own office where detail dosi.gn continues.

Later the architect Informs the mechanical engineer that

certain changes have occurred In the specification of

materials for 3n 3rea, thus changing the heat loads anti

requiring In turn a larger .luct servlclnl, the area. If the
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mechanical engini.er fails to confer with the structural

rushed, the conflict surfaces only when the coritractor

discovers that the duct is supoosed to go through n

structural beam.

One of the reactions to this fragmentation has beem

the tendency of late to combine in one firm all Of the

pr!ncipals involved In the bulldiirn lndustry - Ianen- ----

architect, engineers, and contractor. This reunification at

least within the same firm helps illeviate sonp of tk,

proble-is resultinc from the fravlentation. Many of the

goals are thereby consolidated and the problem of

communication Is generally that much lessened.

The supersysten concept discussed above Is another

t' reaction to this problem of fragmentation. The supersystem

proposes to consolidate all of the Information about a

project in a central file of data where It Is avAllable to

"all design participants at the same time. Furthermore, the

availability or data to ill designers rptentlally Wllows for

studying the effects of desipcn decisions mi-l. in one deslen

aret, on the other asnects of the overall :Ies,•.n. Thus

.ngineers can desln in terms of overall nrojlct goals

rather than the more Immediate goals of just their own

discipline area. Finally, the levelo•ient of

telecommunications for computers wherehy enrineers usin.

only low cost terminals ;n their offices can use the power

t•
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. . _of___larLe_.computers and data files literally across the

! country, will help In the matter of locational fragmentation

where it continues to exist.

1:4aving viewed building construction from the

.. vewoIŽQnt of an Industry, one can take a slIIhtIy ilfferent

approach and view the same thing from the viewpoint of 3

process. Considered as a process, building is co:nposed of

various phases.

The Royal Institute of Rritish Architects (11) has

Identified twelve stages of building activity. These stages

are only an attempt to give a general classification to the

phase of activity most prevalent at the instant, and there

Is no claim that there are distinctly recognizable points of

transition between the stages or that all designers are even

In the sa.ne stage at the same time. The phases of the

building process Identifi.d by the Institute are:

Ince o - First meetings with client andi
establishment of design team.

Feasibility - Preparation of first outline from
interviews with client and assurance that outline is
feasible.

Outline Proposal - Further detallel study of client's
requirements, costs of project, and approaches to
iayout, design, and construction.

-scheme Desln - Final leveloDment of preliminary
design, including full design by architect and

-i



prel iminary design !)y engineering designers.

Deta±.li Design - Final decisions on all .estir1
matters.

J !rjI Lj f. r .-Ion- PreoParat Ion of final "es i-Rn
-Irawings and specifications.

J.1.• s, 2L Q tIp.1- Preparation oF hits of "
luantttles for construction blis.

-Tende r-A-tion,- AlI I ng -- y en•2ral contr-Actor-s-.- - -

... e.t PaonnJ - Construction co-ordtnation between
general contractor and his sub-contractors.

flperation Da ILJ•t - Actual construction.

CompeioL n - Completion of construction.

--eedb* - Analysis of desln, construction, and
operation of building during its life.

This distinction between various phases of the

building process Is Important. Clearly, the problems anl

even the nature of communication differ during the various

57a phases of building. At Inception, Ideas and data are few.

highly unorganized, constantly changing, and even geometry,

a fundamental aspect of all building data Is In a very fluil

state. By the start of Preliminary desitzn, most of the

geometry has firmed up, and the real nrobl•rms of

communication and interaction among deskgners bp.co'-le the

most Important aspects of the Information. ly final design,

the sheer volume of information has beco-me its most critical

aspect and it Is that aspect which extenis throulh the

construction phases. It Is this evolving characteristic of

building Information (the same holds for the infor.iation for
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iny ennierln prolect) that makes the sublect of orolect

data management such a difficult one. These sa,,e ct'angin'

characteristics will dictate explicit requiro.mients for any

attempt at automated data management as will become evident.

AM~ MMI MU19 ia A UM I i I I d1 Ik Vr~ji

_ .Theh yejy fundamental uest Ion of why the computer

should be used at all.i- the burlldfinq proioS-is o,:- that

should be faced. In this age of mass computerization It

might see"r strange that such a question be phrased, but as

the complexity and cost of proposed computer syste'is grow,

more and more are coming to ask Just that question.

The computer with its allied software Is just another

amonx many potential tools for those engaped in the huli.1ng

process. Recause of Its tremendous potential for extrnmely

fast calculations and lar7e capacity data nanliulatlon,

however, the computer stands as a oarticularly significant

tool In the collection of the building designer anA

contractor. As Miller has stated It:

Computers are the key to a systems apnroach
to civil engineering. TtL- nature of contemporary
projects Is so large, and1 there are so many co'tplex
factors and components - all these different kinds of
Information must be tied together, and the only way
you're going to do it is by computer. I'm talking
"about using computers as Information managelnent
devices and not as merely computational tools. Only
about 10% of our problems are computational by
nature, the other 90% are problems of infor.nation
storage, control, and manipulation. (12)

There is little question of the cnputer's canability
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oto store Information. Consider, for examnnle, the I19

System/360, Model 65, computer. Configure• w•ith -one million

bytes of core storage, a model 2301 drum unit, a model 2311.

disk str.age unit, and a molel 2321 data cell drive., such a

system has nearly 500 million characters of on-lin-,st ner .-

one -ni I Ion characters of the storag, can be acces-s-ed In..-. -

-less than one microsecrnd; five million characters of

storage can be accesse.1 In less than ten .milliseconds; over

sixty million characters of storage can be accessed in less

than one-tenth of a second; and all of the nearly one half

billion characters of stora,-e c3n be accessed In ji-ist over

one-half second (13). Understandably, no one yet relly has

any feeling of how many characters of data %.oull be r.quire-

to completely lescribe A builtling desiln. But there is

little .Joubt that the computer will rieet the task, 'at least

as regards capacity. The situation looks even more hopeful

R. with speculation that the next generatir,n of computer

hardware will Irnorove the cost/performance ratio of computer

systems by a factor of from six to twelve over the last

generation of hardware (l4).

The task of developlnA automated 4iata transfer for

the buildiny inlustry is truly a monumental one. The size

and complexity of the Industry combined with thp rance of

disciplines that are Involve. In financing, .esvnimn., and

i-



conitruct~ng buildings has lead to much hesitancy to even

attempt to tdckle the problem. Clearly no one effort will

be completel~y- successful In such an undertaking and the

current--worK -1s- J-ust the beg I nin -mg of--what wii I- have to be a

Tong process of resear-ch and evolution. The current effort

___- h*ebMetjt an &tt ftrt~er define-th-e (arotlm .3s

it has to develop a working solution. One of the things

- that ha~C~ s becae clear is that ah.outo il ~a

evolutionary process rather than a completely developed

working capability from the start. In the current effort,

also, Uhe concentrat ion has been placed on the commuunication

of dat-A between engineers concerned with the desiin of

buildings, rather than architects or the construction or

operat-ion phases of the building process. The reasons for

the emphasis on the entineqr rather than the architectural

apcts of design are twofold.Fit, heuhoisn

engneer rather than an architect. But more sixnlflcantly,

archi-tecture Is an atheoretical discipline. An architect

considers himself to be an artist working In a technic~al

industry. The consequence of this Is that architects

structure and treat data differently from the way eng~ineers

do. Htnce, while the designers of an architectural computer

system might net be com~pletely happy with the file structure

of Information that will be consi-lired later, their system

could still be capable of feeding Information regardting

geometry and materials to the data base. These two
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•-•.. ~There are two major areAs to be Investlfrated -in -th0-6:

-• -mPlementae-t-1n of am t CES bu-I Iidtnmg d-.s i r suhsy'stre.: •;t3 .. .
!{ • .. . . ..- management- anti -f- la-• str-uct-ure-,--." . . ." - - ••

'•:• The concept of using; date as the intwarting bond for

-, __ -.- ~ {fl. :•

•,,a building systemn leads directly to the fundampntal qjestion

• !iof data management. The -eneral prohle.i• of data managemtent

i!• has been the object of much comp~uter research and

•:development over the past decade. The de.velooment o' the

-;generalized data ma.nagement systems leads one to consideir
.their value for the problem of data manetement In the

Sbuilding context, or at least the approrateness of their

approach to a solution for this orohlem.
.-R

The ceneralized dctt manat,ement systers have

a.iaddressed themselves directly to the nroblenm of h, does ono

Smanage the computer environment where there exists a large

corpus of data about some loosely structurb e loo.dcal entity

(henernlly a corporate or mulcthry ouerrestron) •h h must ban

developed and user by a group of IniTepenJent co.noputergsystems, none of which Is resonsit~s for all of the rata

iand all of which pist sharob l e use of the data. This Is

uexactly the Problet factd In the buapridnriensote

Thile the use of tho dt enernlizaýe1 latn mstq -hapvnt

adrse-hes-e iecl ote rbe fh, osOr



~Ys~tems- -4n- the -contaxt-. of .b 1A4 tog _sy's.-s t 4of~ as<~.' -

drawbac'ts, the ICES systems as currently iiilomente'1 inqs

have some data management capabilities. The iCErS TAPLE-11

system has file structuere capabilitieS and Storaf7rt anti

r arit-, 1 f9unctions.

'The TA$-L-M-1t file structuring ciiiaimbltfsPs are

lirforination In a file on secondary storaire. This system~,

like the generalized data inamartement systemis, store's

Informnation In such a manner that Its location an'i

characteristics are remembered by the system. Furthermore,,

'late are Identified by name In such a way that one need

i ,r~ely Provide the system with the name and the systeml is

Able to retrieve nort only the value but also Informiation as

-to what the charactefistics of the data are (11hiensional

'.q -- --=-i-units -and computer- characterf st-4cs-) Concoottial Jy, the

-information Is structured as a four level tree; tal'le, ryou,

column, and list position.

The feature of havinp' available a file systemn which

uniquely identifies and manacres datn within the system Is of

Primary imoartance in the area of bulldin- systitis (as well

4. as many other systems). Th~e problpms of monanin!F a growing~
corpus of Informat~on usel by completely independpnt
computer systmes demands that one consider only a date

mnanagement syrtem capable of treating the Information as a

growing, dynamic entity. The classical approach of file
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the question in such a situation. Such an aprproach always

,lemands a fixed file large enough to holif the larest- amount

of data one can desirn for. Furthernore, It is gt'nerilty_

UIrpossible to Identify the condition where data values arp

rnlsslng - whoere they havt, riot been storeed yet. The

* ~- - ntexrat~an o~f- v-ariou-s co,,ttr f~~i f0-orn

discipline areas requires that Informati,)n re#.ar% ng

dimensional aspects of the data be .maintalnel as well as the

convenience of automatic conversion of dl:-insions on

"request.

The TABLE-il system has the additional feature that

there are currently available a collection of storage an-I

retrieval functions for passing Information in tither

direction betwel.n an englneerln;ý pro~ra-n and a secondtry

"storage file. The TABLE-It suhsystpmi is rAthp.r unioup amnng

the ICES subsystems: it ex:i.ts on both t!i, enw.Inorr-uoser

level as a problem orientod 'antua.• subsystp. ani on the

Programmer-user level as the collection of storale ani

retrieval functions.

The file structure for a contmetpr basoed Infor.iatton

system must closely ref lect the structure of the d-ta Au

J.1 Musd by the designers. The file structure for a building

Informaticn system must be bAsed on the characterls t 'cs of

the use of datA by the enixineers an] the architm.ct. Each of

these people has a responsibility which is uniquely his ooin.
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the spaces as well as the specification of the materials (if

the wells and other surfaces; the structural engineer Is

responsible for the structurAl frAm, ri•.iirnd to su~l.irt the

loads In the buildling; the electrical enine~er for the
*:.:-- .... tlStributlon of electrical -Power throughout th- bt1t-d4t1 as -

- -rptqwite&; -the- -iecharf-ica-l --tng-rl~ -lo-t --te- -SY-Set#1 O'f --aIr

. ducts for the delivery of hot and cold air to the spaces AnJ

the removal of waste air from the syste. Each of th-s.

designers has a realm of data which he develops In

conjuction with the objectives and requirements of th-

others connected with the project.

Thus, while the architect generally has the principal

concern with windows as an element of fUrm, his decisions on

windows greatly Influence the heat loads that are the

responsIbML!y of the mechanical engineer -Inj the- amount of

lighting which is the responsibility of the electrical

ene. neer.

The file structure for a comouter based informati'3n

system of building design data must be org~anized around the

use of data by the various agents prinarily concerned with

that data, and the data wvithln a File should he structured

In such a way as to reflect the relational ani alg'orith,ic

structure of the data. The data rogardlinr windows s !,c' !),I

the responsibility of the architect. 4e Is thp designer

primarily resnonsible for choosing the quality ani location
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-.- -'of--dows.-+--Also--t~he .l-¢1catIon of_ _nfor-mat Ion about th,'l

windows among all of the lata Items which fall Into the

realm of the architect should retlect the fact that windows

are located In walls, walls which delimit two snqces.

With a file so structured, the mechanical englnper in

doing heat load analysis can Interrogate thve data bamse of

-t .h-e architect rerardnbg t he -ro,, tir, imr cons Ider atIon, as-klnf

for the U-factors for each of the walls and he toll that a

particular wall has a window of some. specific size and that

the design temperature minimum on the other side of that

window during the window is -20 .eýrees Fahrenheit.

Furthermore, the electrical eng.ineer can query the sae,.e file

of the architect and learn that the roo.. has a window with a

southern exposure and hence has a calculaIhle flux of

sunshine.

The macro level file structure orprjosed for a

building environment Is outlined in Fi.ure i-4. This

represents a first effort at a file structure of this sort.

As work proceeds, furtho.r refinements on the various

sub-files and their relationships will beco,'e iparent.

:I
I+
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